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FOREWORD

Project LITTLE EVA was initiated by ARDC as an excellent opportunity to uti-
1ize a representative number of Radio Sets AN/ARC-34, produced on preproduction
implementation Contract Ko. AF 33(600)-16832, to determine ease of maintenance
and necessary’ and/or desirable design changes prior to gquantity production. The’
effort was made practicable through the cooperation of Eastern Air Defense Force,
particularly McGuire Air Force Base, and AACS activities at McGuire AFB, Benton.
Pennsylvania, and Highlands, New Jersey." Initiation of the project was consum-
mated by Hq ARDC with Major H. Woolever of Hq EADF. It was notable that whole-
hearted cooperation was at'forded in spite of the fact that the F-86D was a new
aircraft type to the 4709th Defense Wing with atiendant indoctrination and check-
outs, the AN/ARC-34 was a new radio equipment type, the aircraft required modifi-
cation, and removal of AN/ARC-27 and installation of AN/ARC-34, and, above all,
normal missions had to be flown during the entire perilod.

A/2C 8.:B. Joyce was active in the pilot run at the plant of the contractor.

Mr. H. J. Schmidt furnished engineering support at the site. - Messrs. R. C. Sparks,

C. V. Barnett and Lt Bruce Jensen monitored installation and engineering tests.
Major credit is due the 4709th Defense Wing and Major F. E. Hutchins who was the
coordination point in the exercise. Maintenance operations were performed by the
568th Maintenance Sguadron under Major M. F. Tarr.:

Credit is due the pilots who made constructive reports after flights, thcse
who flew specially requested test missions, and to the installation and mainte-
nance personnel without whose complete cooperation and sincere interest the pro-
Ject could not have been a success.” Acknowledgement is made also to the initia~-
tors of the unabridged testimonials appearing in the Appendix of this report.

LITTLE EVA was in addition to bench tests, type tests, operational suitabili-

ty tests, and the like.- Results shown in this report, except for Appendix II, do
not include the detailed findings of other tests.
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ABSTRACT

Radioc Set AN/ARC-34 15 & subminiaturized, completely unitized UHF airborne
Command Set designed by USAF ifor installation in premium space and all other air-
craft. It is approximately 40% lighter in weight and half the size of either
Radio Set AN/ARC-27 or AN/ARC-33, yet provides equal or better perfermancé.’ Pro-
Ject LITTLE EVA was initiated in order to test the design under actual operational
conditions; and to determine the ease of maintenance and adequacy of special pur-
pose test equipmeni. Results of the exercise. will provide information regarding
necessary and desirable design changes which will be incorporated in any succeed-
ing production equipments.’ This procedure will make unnecessary the majority of
the costly design changes and rework programs usuclly associated with newly-pro-
duced electronic equipment designs. Radio Set AN/ARC~34 was installed in F-86D
aircraft in place of Radio Set AN/ARC-27. Regular missions were flown as well as
special test missions. Maintenance was accomplished at the site while regular
maintenance personnel simultaneously were being trained.. It is concluded that
Radio Set AN/ARC-34 possesses size and weight advantages over Radio Sets AN/ARC-27
and AN/ARC~33, and maintenance and therefore overall cost advantages over Radio
Set AN/ARC-27, while providing equal or better communications performance.’

PUBLICATION REVIEW
This report has been reviewed and is approved.

FOR THE COMMANDER:

4, -

Colonel, USAF
Chief, Communication & Navigation Laboratory
Directorate of Laboratories
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INTRODUCTION

UHF Command Radio Set AN/ARC-34 was standardized by Hq USAF 26 May 1952,
efter Operational Suitability Testing by Air Proving Ground Command®*. . A pre-
production implementation Contract No. AF 33(600)-16832 for 147 radio sets and
assoclated items was awarded RCA Victor Division, Camden, N. J. This small

number of equipnients would permit tooling for large scale production and prove
the tools.

The token quantity of equipments is suitable only for special purposes where
only a few equipments are involved at any one place, such as for mockups, training,
etc., and not for &llocation to any airplane type. WADC conceived the idea of
using a sizeable portion of the equipments in order to determine from actual oper-
ating conditions what design changes should be made prior to large-scale production.
Heretofore, no such opportunity has been afforded for an engineering design evalu-
ation under actual operational use prior to full scale production and until thou-
sands of sets have been built. Neither has the contractor had an opportunity of
improving the design from a manufacturing standpoint. This always has resulted in
a flood of design changes which mean field modificatiion or rework Ly a contractor
in order to furnish adequate, reliable and entirely satisfactory equipments to the
ueing organizatione. Degign changes; miner and major, may number over a hundred
on an equipment which 1s untried in the field, even though bench tests on a few
development models have indicated engineering acceptability. Invaluable as they
are, bench tests, limited special flight tests, and operational suitability tests
cannot duplicate the variety of conditions which occur when many sets are installed
in many Gircraft and operated by many different personnel in varying situations.:
Furthermore, equipments produced from tools are representative of subsequent pro-
duction sets whereas development samples are hand built.:

Even if the radio equipment is suitable for operational flying, no evaluation
of ease of maj’ntenance can be made until the equipment has been in service use for
a long period of time. This factor may be most important as it applies to special
personnel training, special purpose test equipment adequacy, and the like.

% APGC Final Report on Project Nc. APG/ADB/41~AB, Subject: Accelerated Operational
Suitability Test of the Air-Ground UHF Command Communication System, dated 9 June
52, stated that, although the AN/ARC-33 proved more reliable under test than the
AN/ARC-27 and the AN/ARC-34 (XA-2), and proved easier to maintain than the AN/ARC-27,
the AN/ARC-34 (XA-2) was considered the best of the three airborne equipments with
respect to design, ease of operation, maintainability, size and wesght, with u po-
tential for greater reliability.. It is pointed cut that the AN/ARC-34 being pros=
cured at this time is similar to the (XA-2) development version tested by APGC
except that it is greatly improved.:

WADC TR 54-~216 1



On 28 and 29 May 1953, representatives of Hq ARDC, WADC, Hq EADF and McGuire
AFB met at McGuire AFB to discuss the feasibility of an operational engineering
service test (nicknamed LITTLE EVA) with emphasis on engineering aspects. The
4709th Defense Wing of McGuire AFB was scheduled to be supplied with F-86D air-
craft early in the summer. Being an operational wing, aircraft are continuously
on the alert and fly missions. Installation of upwards of 20 sets would provide
representative statistics on reliability of equipment, ccmmunications performance,
ease of operation, ease of maintenance, and adequacy of unique, special-purpose
test eyuipment designed specifically for AN/ARC~34.

In order that the hWipg could remain operational. it was mandatory that the
aircraft bte out of commissic1 & minimum amount of time.: Hence the AN/ARC-34 in-
stallation was designed on a temporary basis, disturbing as little equipment in
the aircraft as possible. This installation is not typical of a standard instal-
lation and was merely an expedient to meet the imposed requirements. Standard UHF
ground equipment would be used since Radio Set AN/ARC-34 is completely compatible
with all such equipment presently used in conjunction with Radio Sets AN/ARC-27
and AN/ARC-33 now installed in USAF aircraft.

IMPLEMENTATION OF LITTLE EVA
SECTION I

The F-86D aircraft to be delivered to 4709th Defense Wing were equipped with
Radio Sets AN/ARC~27. Inasmuch as Radio Set AN/ARC-34 was not a field proven piece
of equipment.. it was considered & wise precautionary measure to enable reinstalla-
tion of AN/ARC-27, in an emergency, in & minimum amount of time.- The wiring re-
quired for Radio Set AN/ARC-27 was more than ample to supply the needs of Radio Set
AN/ARC-34.° Hence, it need not be disturbed if it could be adapted.. This was ac~-
complished by furnishing adapter plugs for connection between the AN/ARC-27 cable
connectors and tne AN/ARC-24. The AN/ARC.27 and its mouniing would be removed, but
the base plate would remain and be additionally drilled to accommodate a new base
plate to which the AN/ARC-34 mounting was attached. An adapter was furnished for
connection of the AN/ARC-34 control panel in the cockpit also.’ Adapters and hard-
ware were furnished by WADC through prototype engineering and kit fabrication ac-
complished by Land Air, Inc., Cheyenne, Wyo.  The original antenna and coaxial line
were used.’

The installation adopted required about 10 manhours to accomplish, but the
AN/ARC-27 could be reinstalled in its original state in only 2 hours time.

It was planned to begin the Operational Engineering Service Test as soon as
practicable in order to get in a significant amount of flying time." Inasmuch as
large-scale production was scheduled to begin early in calendar year 1954, data
were required as much prior to the end of calendar year 1953 as possible.’ The
radio equipment contractor was aiready late in deliveries and availability of the
sets was question mark.. Then there was the matter of doing the actuel job at
McGuire AFB. Careful timing, coordination, and the utmost in cooperation of all
parties concerned were essential to the successful initiation of the project in
time to be of real valuve. Adapter kits were furnished 15 September together with
the first AN/ARC-34's. The first set was completely installed by 21 September.

WADC TR 54-216 2



This is a noteworthy accomplishment for all concerned, considering that the first

radio set was flying less than 4 months after tke first planning meeting at
McGuire AFB.

As of the writing of this report, 24 F-86D's are flying with AN/ARC-34's. At
one time 27 were installed. The number was reduced for no reason connected with
the AN/ARC-34. Additional sets are to be allocated from remaining quotas, and it
1s anticipated that all F-86D's at McGuire AFB will be equipped with AN/ARC-34.

OPERATIONAL DATA

SECTION II

Engineering bench tests on Nadio Sets AN/ARC-34, AN/ARC-27 and AN/ARC-33 have
indicated that dirfferences in electrical performance were such that the equipments
are essentially equal and that the probability of noticeable difference in service
use was unlikely. However, under operational conditions, there is a difference in
speech intelligibility in favor of AN/ARC-34 over AN/ARC-27. (See Appendix X,
Page 28, par. 2A; Page3g. ) This is due primarily to the fact that the noise level
of the AN/ARC-34 receiver is less than on the AN/ARC-27. The AN/ARC-27 transmitter
has a wide audio band, presumably to meet the air-to-ground data link requirements
of the Navy. In addition, the receiver bendwidth is greater. In the AN/ARC-34,
the transmitter is designed for normal voice freouencies only. The selectivity of
the AN/ARC-34 receiver has been sharpened. In UHF voice communications the
AN/ARC-34 design features reduce background, internal, and atmospheric noises to be
transmitted and received. - If these factors are not sufficiently reduced, they
affeot intelligibility and serve to irritate the personnel psychologically. Under
marginal reception conditions the message would be received on AN/ARC-34.

Radio Set AN/ARC-34 was designed for full op: 3 £ 56,0060
feet without using a pressure-sealed case. In an unseated equipment the three
marginal factors are usually high-voltage corona in the transmitter output circuits,
rapid dynamctor brush wear due to the very low water content of high altitude at-
mosphere, and inadequate equipment cocling. The rapid brush wear is normally en-
countered at altitudes above 30,000 feet and does not become appreciably worse at
60,000 feet. Most nours of flying were at altitudes over 30,000 feet. Two flights
were made to 40,000 feet altitude. No troubles encountered have been attributable
to high altitude operation.

Of major importance is maximum distance range. Three special flights were
made to check meximum air-to-air and air-to-ground ranges. At 35,000 feet altitude,
line-of-sight distance from the ground is 200 nautical miles, and air-to-air line-
of-sight is double, or 400 nautical miles. The AN/ARC-34, air-to-air, provided
satisfactory communications in excess of line-of-sight distance. The AN/ARC-34,
cess of line-of-sight distances. (See Appendix VI, Page 20 ). Due to propaga-
tion cornditions, the frequency at which line-of-sight communications could be ob-
tained air-to-air was not always the same as the frequency which would provide
line-of-sight communications air-to-ground. The radio set itself had nothing to do
with any propagation effects, and the scope of project LITTLE EVA did not permit

WADC TR 54-216 3
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the exhaustive investigation required tc obtain such significant data. Suffi-
clent flights were made, however, to determine that good reception was not contin-
gent on transmission anomalies. As pointed out earlier, at maximum ranges, and
under marginal conditions AN/ARC-34 should provide good communications intelligi-
kFility by virtue of the low receiver and transmitter noise levels.

While not at all attributable to Radio Set AN/ARC~34, variations in antenna
patterns of the F-86D were checked by means of flying circles in the air and
checking air-to-air and air-to-ground signal variations, ard by making many simu-
lated GCA approaches. No aircraft UHF antenna pattern is omnidirectional. On the
F-86D, the tailcap antenna pattern has a distinct null forward and downwa=~d, which
might show up in GCA operations. However, nc communications difficulties attri-
butable to the antenna pattern were found when the aircraft assumed normal approach
attitudes. (By the simple expedient of remoting the GCA transmitter and receiver
and moving them laterally from the landing strip, any such effects could be avoided
if such an expedient were found to be necessary.)

ithough Radio Set AN/ARC-34 was not designed as a ground or mobile equipment,
393 hours of operating time were obtained as of 22 Feb on this set in a mobile unit
used for instructions to aircraft pilots in scramble prior to takeoff.

When setting up frequencies on the AN/ARC-27, two personnel are emplnyed, one
in the cockpit at the control panel, and one at the location of the intermediate
set-up box. One person can set up the frequencies on AN/ARC-34 in less time than
the two men required on the AN/ARC-27.

INSTALLATION AND MAINTENANCE DATA
SECTION III

An exercise such as LITTLE EVA, under actual field operating conditions, 1s
invelusple experience to every one who is not normally closely associated with de-
tailed maintenance activities and difficulties. It requires on-the-spot knowledge
to realize the differences which can exist between two equipments which, to all in-
tents and purposes, perform the same function. The AN/ARC-34 is easier to install
and matntain than AN/ARC-27.  (See Appendix VIII and Appendix IX, page 20 par.
3C,b,LE,F,4; pages 30, 34).

When AN/ARC-34 was installed in place of AN/ARC-27 in the F-86D aircraft, the
smaller size of the AN/ARC-34 (Appendix I, Page 15) left enough unoccupied space to
permit ihe additional installation of such equipments as, for example, Radio Set
AN/ARC-44, which could not be installed when the AN/ARC-27 was used. This will be
true in all high performance, space-premium aircraft. The available space will be
even greater when the AN/ARC-34 is properly installed and not just sdapted, as
pointed out in SECTION I. The saving in usable installation space provided by the
receiver—-transmitter unit alone will be one cu. ft.

Weight reduction is afforded by AN/ARC-34. (See Appendix I, Page 15) . Con-

sidering only the receiver-transmitter units, the difference is 23 lbs. i1n favor of
the AN/ARC-34. It requires two men to install or remove the AN/ARC-27 transmitter-

WADC TR 54-216 4



L2-0UV/NV IdS 0IQVd dNV YEe-OUV/NV IHS OIQVd *¢ *314

LZ-D4V/NY #E - DAYV

WADC TR 54-216




receiver unit, whereas only one man can periorm the same operations with the

AN/ARC-34 unit. (See Appendix IX, Page 29 , par. 3E). This represents a 50% re-
duction in manpower requirements for these operations. Also worthy consideration
is the fact that additional equipment may be carried in the airplane in which the
AN/ARC-34 is installed, or long distance range extension by virtue of less overall

airplane weight may be realized. There 1s no known rule-of-thumb for the latter
factor (See Fig. 2, Page & .)

The worth of the ARDC concept of complete unitized construction and a simple
"go-no-go" preliminary test meter for isolation of eguipment faults, in radio
communication equipments (first employed in Radio Set AN/ARC-33 and brought to cul-
mination in the ARC-34) has been demonstrated through LITTLE EVA. (See Fig. 3,
Page 7 .) Although the AN/ARC-34 is a newly-designed equlpment and unfamiliar to
the field, three Technical Representatives (two under the ‘urisdiction of WADC and
one supplied by the Equipment Contractor,) together with the normclly assigned
maintenance personnel, have maintained the Radio Sets AN/ARC-34 (organizesiion and
field level) in addition to the reqguaired training activities.

Most outstanding have been the findings through the unorthodox maintenance
procedures which were necessary in an exercise like LITTLE EVA wherein no arrange-
ments are possible for field and depot facilities except the manufacturer's plant.
There were many minor breakdowns, (mostly of quality control nature) which makes it
all the more significant that the USAF maintenance personnel, of only organizational
level, with the help of three tecanical representatsves, have completely maintained
all Radio Sets AN/ARC-34 at McGuire AFB. (See Appendix IX, Page 27 .)

As an example of ease of maintenance of Radio Set AN/ARC-34, a set was acci-
dentally dropped seven feet to the concrete apron, and was put in original operable
condition the same day, at McGuire AFB.

Unique to AN/ARC-34 is the feature of being able to isolate a faulty sub-
assembly quickly and replace it immediately without tearing dcwn the whole equip-
ment. Each subassembly of AN/ARC-34 is provided with a sockei accessible without
removal of any subassemblies. The use of a simple, plug-in, "go-no—go" multimeter
vermits isolation of the fault to a unit, by personnel having the very lowest level
of maintenance training. The subassembly is simply replaced by a like spare and the
eqmipment is agaln operative. No adjustments whatsoever are required, and even
tubes need not be changed in such an operation. A screwdriver is the only tool re-
quired for removal or installation of any AN/ARC-34 subassembly. There are no
soldered connections involved, no positioning of splines, shafts or gears. There
is nothing which would be accidentally misadjusted in the replacement cperation.
(See Fig. 3, Page 7 .) Inasmuch as complete subassemblies are obtainable as
spares, 1t is possible to eliminate even testing and changing vacuum tubes at or-
ganizational level.

The design of Radio Set AN/ARC-34 for ease of maintenance includes the feature
of sealed minor units which may, n the interests of saving manhours of maintenance
time, be wholly discarded and replaced with like units. Representative of such are
i~f stages which include even the vacuum tube within the hermetically- sealed en-
velope. It has been found through research on the subject, that often it may be

WADC TR 54-216 6






¥£-0UV/£92

-Id

‘MATA JOL ¥ *3vd

WADC TR 54-216



A T o B e B O b i AL TP Y S P

QIEWESSVSIA ‘ve-ouv/Ny - § I

WADC TR 354-216




e VA E R

N T . Lt ik 5 b i

)
3 ? ‘-‘———-‘-_‘“ :
.
o
.

l‘ i

WADC TR 54-218

Fig. 8

PLUG-IN OSCILLATOR STAGE

11
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89 faults attributable to AN/ARC-34, 13 of them occurred on two of these original
equipments. Considering all troubles, except for the thyratron fsjlures which
numbered 12 and ratchet motor which numbered 19, there was no pattern to the fail-
ures. They consisted of isolated cases such as individual component failuree,
misadjustments, cnld solder joints, broken leads, and the like, mostly quality
control items which shouid not exist at all.. The contractor states that the qual-
ity of the equipment at the time of writing this report, is greatly improved.' In
large-scale production, proper exercise of quality control reduces such failures
to an insignificant number.- The contractor is initiating all possible corrective
measures. Operational hours per set and failures are listed in Appendices III

and V respectively. It is pointed out that no distinction was made as to whether
the failure occurred during operational use in the air or on the bench when
AN/ARC-34's were being checked prior to first installation. Hence all failures
are recorded. Included are those not attributable to Radio Set AN/ARC-34 1itself
but to the UHF communication system in the aircraft.

CONCLUSIONS

SECTION 1V

In summary of the foregoing sections of this report, the fcllowing conclusions
are drawn:

a. Under ordinary operating conditions, Radio Set AN/ARC-34 provides sat-
isfactory voice communications to at least line-of-sight distances air-to-air and
air-to-ground. By virtue of the design restriction of the audio band to voice
frequency range, good r-f selectivity, and low receiver noise level, undzr marginal
communications conditions, signals will be intelligible on AN/ARC-34.

b.. Ekadio Set AN/ARC-34 is satisfactory for operation up io sltiitudes of
50,000 feet without pressurization.

c.  Radio Set AN/ARC-34 will be an adequately reliable equipment for serv-
ice use.

d. The reduced size of AN/ARC-34 makes it possible to either install it in
a much smaller space than that needed for Radic Sets AN/ARC-27 or to leave room for
the installation of additional equipment not possible to install when AN/ARC-27 is
used.

e.. The reduced weight of AN/ARC-34 allows easy installation and removal
by one person whereas AN/ARC-27 normally requires two perscnnel for the same opera-
tion. In addition, the saving in weight can be reflected in the ability of the
airplane to carry additional eguipment not possible if AN/ARC-27 is installed, or
in extended distance range by virtue of reduced airplane weight.

f. The simplified preset frequency system permits one person to set up all
channels in a minimum of time.

WADC TR 54-216 13




g The maintenance features designed into the AN/ARC~34 result in require-
ments for fewer maintenance personnel, less training of these personnel, less skill,
and result in faster maintenance at organizational and field echelons, than for
Radio Set AN/ARC-27. At Organizational level, it is estimated that at least 75% of
defective Radio Sets AN/ARC~34 can be immediately restored to service, - This is 504
more than for AN/ARC-27. This also reduces the load on higher maintenance
echeicns.. It 1s estimated that overall maintenance cost for AN/ARC~34 would be 40%
less than for AN/ZRC-27 at Field level. Savings at Depot level cannot be estimated
at this time except that, as at all levels, decreased size and weight, requirements
for fewer complete sets as spares, etc., will reduce shippings, handiing, and pack-
ing by an estimated 304. It may be well to review the redistribution of tasks

within the variour maintenance echelons as a result of the discoveries in operation
LITTLE EVA.

he: The rirst cost of an equipment is no criterion whatsoever as to the
true overall cost to the Government over the ncrmal period of useful life. Mainte-
nance costs should be the prime consideration. In support of these statements, the
following is quoted from USAF Project RAND Report RM-i002, Subject: "The Cost of

Unreliability of Air Force Airborne Electronic Equipment as Represented by the Cost
of Maintenance.":

"This analysis has established that it is costing the Air Force about twp
dollars per year to masntain every dollar’s worth of airborne electronic equifment.-
Therefore, during the life of the equipment somewhere between eight and ten times
its original cost is being spent in maintenance.: This figure bears out an estimate
made by the Navy that as much as ten times the initial cost of eiectronic equip-
meni 15 speal in meiniéncnce thipughout ivs Lifeé.:

If the amount of maintenance effort could be cut in half by improving the re-
liability and maintainability of the equipment, substantial savings could be made.
Even if the first cost of the equipment were doudbled, no increase in net cost per
equipment for the first year would result, and based on present standards, three
times the original cost of the eguipment would be saved.”

i. As a complete piece of equipment, the design of AN/ARC-34 1is satisfac-
tory. LITTLE EVA has indicated the necessity for relatively few design changes even
from the ease of manufacture aspects. Thus there should be a minimum delay in ini-
tiation of future production deliveries.. AN/ARC-34 is a definite improvement in the
state of the art, and provides advantages over Radio Set AN/ARC-27 in size, weight
and ease of maintenance. These advantages should be utilized as rapidly and as ex-
tensively as practicable.

WADC TR 54-216 14
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APPENDIX I
EQUIFMENT SIZES AND WEIGHTS
RADIO SET AN/ARC-3L

Joem Oimensions in Inches Weight,
widol: Height Depth Pounds

Receiver-Transmitter, 10-1/8  7-9/16 21-11/16 47.5

Radio, RT-263/ARC-3,

Mounting 11-15/16 2-1/8 22-5/32 3.5

MT-1099/U

Control, Radio Set 5-3/L 3-7/8 6-1/32 2.5

C-1057/ARC-34 Total 53.5

RADIO SET AN/ARC-27

Receiver-Transmitter 11-1/4 12-3/8 27-7/8 70.5
RT-178/ARC-27

Mounting 1-1/8 2-3/8 19-3/4 L.O
MT-822/ARC-27

Set Up Control 6-3/8 9~5/16 5-1/2 9.0
C-626/ARC-27

Mounting 6-37/64  6-11/16 3/8 .6
MT-821/ARC-27

Control Panel 5-3/4 2-5/8 3-5/8 1.0
C-628/ARC-27 Total 85.1

WAaDC TR 54-216
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APPENDIX II
Typical Performance Curves
Radio Set AN/ARC-34, Serial A-1

16, Transmitter #FF Carrier Receiver Selectivity
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ALTITUDE: 50,000 feet plus. At some altitude above 50,000 feet, internal corona will
occur which causes no permcnent damage and permits transmission under a reduced power
condition,

BRUSH LIFE, HIGH ALTITUDE: at least 1000 hours. SALT SPRAY: per QQ-M-151

LIFE TiST: 200 hours without maintenance. HUMIDITY: 30 days

VIBRATION: 10-55 cps, 0.06" amplitude., TEMPERATURE: -55°C to 471°C operating.
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APPENDIX III
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